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(57) ABSTRACT 

The object is to prevent occurrence of packet loSS in Cellular 
IP and a drop of TCP throughput due to duplication of 
packets. On the occasion of relaying a packet from corre 
spondent, a relay router multicasts a router advertisement to 
access routers forming respective cells into which a target 
mobile terminal might move. The mobile terminal receives 
the router advertisements from the neighbor access routers, 
calculates a difference between reception times of the pack 
ets from the respective access routers, and Specifies a relay 
router to perform multicasting. Then the mobile terminal 
transmits delay information of a delay to be added to each 
path in multicasting by the relay router, to the relay router 
thus specified. The relay router adds the delay to each path 
in multicasting on the basis of the delay information. 
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PACKET TRANSMISSION METHOD AND 
COMMUNICATION SYSTEM 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a communication 
System and a packet transmission method, and more par 
ticularly, to a communication System comprised of a mobile 
terminal, a plurality of access routers, each access router 
forming a cell and configured to perform radio communi 
cation with a mobile terminal located in the cell, and a 
plurality of relay routers connected to a hierarchical Struc 
ture above the access routers, and a packet transmission 
method applied in the communication System when a packet 
from a packet Source is transmitted from an upper layer in 
the communication System toward a target mobile terminal. 
0003. The mobile terminal generally represents every 
portable terminal equipment including cellularphones, 
PHSS, PDAs, portable personal computers, and so on, and 
the access routers are routers with the base Station function, 
Such as radio interfaces and the like. 

0004 2. Related Background Art 
0005. It is known in the field of mobile telecommunica 
tions that packet loSS occurs during handover in which a 
mobile terminal migrates between access routers. In Cellular 
IP described in Internet Draft, a relay router (e.g., a cross 
over router (COR)) temporarily multicasts packets to both 
an original acceSS router and a new acceSS router during 
handover, thereby decreasing packet loSS during handover. 
0006. The multicast handover in Cellular IP will be 
described below with reference to FIGS. 1A-1D. In the 
multicast handover, as shown in FIG. 1A, a mobile terminal 
MT first acquires information about an access router AR2 as 
a destination of movement on the basis of Link Layer 
information during communication with an access router 
AR1 being an original access router before movement. 
Then, as shown in FIG. 1B, the mobile terminal MT 
transmits a route update packet for multicast handover via 
the original access router AR1 to the new access router AR2 
whose information was acquired above. Thereafter, a relay 
router R1 receives the route update message for multicast 
handover. 

0007. Then the relay router R1 receiving the route update 
message for multicast handover, multicasts packets to the 
access routers AR1, AR2, as shown in FIG. 1C. Further 
more, as shown in Fig. 1D, the mobile terminal MT, after 
having moved to under the access router AR2, Sends a route 
update packet to a gateway GW. This results in eliminating 
the path other than the path via the access router AR2 out of 
those from communication correspondent 30 to the mobile 
terminal MT. 

0008. In Cellular IP, however, when the relay router 
multicasts packets to the original access router and to the 
new access router, no consideration is given to the timing 
when the relay router Sends packets into each of the paths, 
and this poses the following problem. 
0009. In the network of FIG. 2, when a transmission 
delay of link 1 is greater than that of link 2, the mobile 
terminal MT might receive packets Some ahead of already 
received packets after completion of handover, So as to be 
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unable to receive packets between them; therefore, it is 
necessary to perform retransmission in TCP and the TCP 
throughput will be lowered. 
0010. On the other hand, when the transmission delay of 
link 1 is not more than that of link 2, the mobile terminal MT 
receives already-received packets after completion of han 
dover. In TCP all packets are given a Series of Sequence 
numbers and, when being unable to receive packets of 
Sequence numbers in the given order, instead of returning the 
Sequence numbers, the receiver Sends to the Sender an ACK 
of a last packet of those received in the given order of 
Sequence numbers. Concerning the ACK of this packet, 
Since another ACK must have already been Sent upon 
reception of the packet, the packet Sent at this stage is a 
duplicate ACK (D-ACK). 
0011) If the number of duplicate ACKs generated by 
packets received redundantly becomes three or more, the 
System goes into the Congestion Avoidance phase called 
Fast Retransmit and Fast Recovery in TCP Reno, TCP 
New-Reno, TCP SACK, etc. being the TCP algorithms 
currently used in general, So as to lower the throughput of 
TCP in Some cases. However, as also described in the Draft 
of Cellular IP, no packet loSS occurs in this case and thus the 
drop of throughput is likely to be less than that in the 
aforementioned case where the transmission delay of link 1 
is greater than that of link 2. 
0012. The present invention has been accomplished in 
order to solve the above problem, and it is a first object of 
the invention to calculate a deviation of Synchronization 
between multicast packets from a relay router when received 
by a mobile terminal, and add a delay to correct for the 
deviation of Synchronization calculated for each relay router 
by the mobile terminal, to each path in multicasting, thereby 
preventing occurrence of packet loSS. 
0013. It is a second object of the invention to implement 
control adapted to the present handover method on the TCP 
side of the mobile terminal, thereby preventing the drop of 
TCP throughput due to duplication of packets. 

SUMMARY OF THE INVENTION 

0014. In order to accomplish the above first object, a 
packet transmission method according to the present inven 
tion is a packet transmission method adapted for a commu 
nication System comprising a mobile terminal, a plurality of 
access routers, each access router forming a cell and con 
figured to perform radio communication with a mobile 
terminal located in the cell, and a plurality of relay routers 
connected to a hierarchical Structure above the access rout 
ers, Said packet transmission method being applied when a 
packet from a packet Source is transmitted from an upper 
layer in the communication System toward a target mobile 
terminal, the packet transmission method comprising: letting 
the relay router engaged in relaying the packet from the 
packet Source, multicast a router advertisement with the 
packet to all access routers forming cells into which the 
target mobile terminal may move; letting the mobile termi 
nal receive the multicast router advertisements from a plu 
rality of neighbor access routers, letting the mobile terminal 
calculate a difference between reception times of packets 
from respective access routers, based on information about 
reception from the plurality of access routers, and Specify a 
relay router that should perform multicasting; letting the 
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mobile terminal transmit to the Specified relay router a 
multicast message containing delay information of a delay to 
be added to each path in the multicasting by the relay router; 
and letting the relay router receive the multicast message 
from the mobile terminal and add the delay to each path in 
the multicasting on the basis of the delay information. 

0.015 The above aspect of the invention related to the 
packet transmission method can also be described from an 
aspect of the invention associated with the following com 
munication System. Namely, in order to accomplish the first 
object, a communication System according to the present 
invention is a communication System comprising a mobile 
terminal, a plurality of access routers, each access router 
forming a cell and configured to perform radio communi 
cation with a mobile terminal located in the cell, and a 
plurality of relay routers connected to a hierarchical Struc 
ture above the access routers, wherein each of the relay 
routers comprises: multicasting means for, during relaying 
performed when a packet from a packet Source is transmitted 
from an upper layer in the communication System toward a 
target mobile terminal, multicasting a router advertisement 
with the packet to all access routers forming cells into which 
the target mobile terminal may move; and delay adding 
means for receiving a multicast message containing delay 
information of a delay that the relay router should add to 
each path in multicasting, from the mobile terminal and 
adding the delay to each path in the multicasting on the basis 
of the delay information; and wherein the mobile terminal 
comprises: receiving means for receiving the multicast 
router advertisements from a plurality of neighbor access 
routers, calculating-specifying means for calculating a dif 
ference between reception times of packets from respective 
access routers, based on information about reception from 
the plurality of access routers, and Specifying a relay router 
that should perform multicasting, and message transmitting 
means for transmitting a multicast message containing delay 
information of a delay that the relay router should add to 
each path in the multicasting, to the Specified relay router. 

0016. The communication system according to the 
present invention comprises the mobile terminal, the plural 
ity of access routers, each access router forming a cell and 
configured to perform radio communication with a mobile 
terminal located in the cell, and the plurality of relay routers 
connected to the hierarchical Structure above the acceSS 
routers. The present invention relates to packet transmission 
carried out in this communication System during an opera 
tion in which a packet from a packet Source is transmitted 
from an upper layer in the communication System toward a 
target mobile terminal. 
0017 Namely, when relaying a packet from a packet 
Source, the relay router multicasts the router advertisement 
with the packet to all access routers forming cells into which 
the target mobile terminal might move. Then the mobile 
terminal, having moved into a cell (e.g., having moved 
across a border between cells), receives the multicast router 
advertisements from a plurality of neighbor access routers. 

0.018. At this point, the mobile terminal calculates a 
difference between reception times of packets from the 
respective access routers (corresponding to a delay to be 
added to each path in the multicasting), based on the 
information about the reception from the plurality of acceSS 
routers (e.g., timestamps indicating times of reception, or the 
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like), and specifies a relay router that should perform the 
multicasting. AS described, the present invention has the 
Significant feature that the mobile terminal Specifies the 
relay router that should perform multicasting. 

0019. Then the mobile terminal sends the multicast mes 
Sage containing the delay information of the delay that the 
relay router should add to each path in multicasting, to the 
Specified relay router. Then the relay router receives the 
multicast message from the mobile terminal and adds the 
delay to each path in the multicasting on the basis of the 
delay information. 
0020. This achieves synchronization of timing for the 
relay router to Send packets into each path, whereby it is 
feasible to prevent occurrence of packet loSS as occurred 
before. 

0021. In order to achieve the above second object, the 
packet transmission method according to the present inven 
tion is preferably configured, So that the mobile terminal 
performs Such control as to avoid Sending a response of an 
acknowledgment of a received packet, under a predeter 
mined condition, on the basis of timestamp information of 
the received packet and a sequence number of the packet. 
0022. In order to achieve the above second object, the 
communication System according to the present invention is 
preferably configured, so that the mobile terminal further 
comprises response avoidance controlling means for per 
forming Such control as to avoid Sending a response of an 
acknowledgment of a received packet, under a predeter 
mined condition, on the basis of timestamp information of 
the received packet and a sequence number of the packet. 
0023 Namely, the mobile terminal determines whether 
the packet is an already-received packet, under the prede 
termined condition, on the basis of the timestamp informa 
tion of the received packet and the Sequence number of the 
packet. For example, even in the case where the timestamp 
of the received packet is not leSS than a timestamp threshold, 
the received packet can be determined as an already-re 
ceived packet if the Sequence number of the received packet 
is not more than a latest Sequence number of already 
received packets. 
0024. By performing such control as to avoid sending the 
response of the acknowledgment of the received packet, 
under the condition as described, it is feasible to prevent the 
drop of TCP throughput due to duplication of packets. 
0025 The control of the mobile terminal's avoiding 
Sending the response of the acknowledgment as described 
above is absolutely one executed only during multicast 
handover, and communication control based on the TCP is 
carried out during periods other than it, as a matter of course. 
0026 Incidentally, there are also cases where the mobile 
terminal cannot receive the router advertisements Simulta 
neously from a plurality of neighbor access routers. In Such 
cases, the packet transmission method according to the 
present invention is preferably configured, So that the acceSS 
router as a Sender of a router advertisement that the mobile 
terminal can receive, transmits a router advertisement that 
the mobile terminal cannot receive, as a proxy router adver 
tisement to the mobile terminal. 

0027. The communication system according to the 
present invention is preferably configured, So that each of 
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the access routers comprises proxy advertisement control 
ling means for, when the mobile terminal cannot receive the 
router advertisements simultaneously from a plurality of 
neighbor access routers including the access router itself 
thereof but can receive a router advertisement from the 
access router itself, performing Such control as to transmit a 
router advertisement that the mobile terminal cannot 
receive, as a proxy router advertisement to the mobile 
terminal. 

0028. Even in the case where the mobile terminal cannot 
receive the router advertisements simultaneously from a 
plurality of neighbor access routers, as described above, the 
access router as a Sender of the router advertisement that the 
mobile terminal can receive transmits the router advertise 
ment that the mobile terminal cannot receive, as a proxy 
router advertisement to the mobile terminal, and then the 
mobile terminal can receive the router advertisements from 
a plurality of neighbor access routers, though in indirect 
manner, whereby the utility of the present invention can be 
enhanced more. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0029 FIG. 1A is an illustration for explaining the mul 
ticast handover in Cellular IP which shows a view indicating 
the operation wherein the mobile terminal acquires the 
information about the new access router AR2 from the link 
layer information. 
0030 FIG. 1B is an illustration for explaining the mul 
ticast handover in Cellular IP which shows a view indicating 
the operation wherein the mobile terminal transmits the 
route update packet for multicast handover to the new acceSS 
router AR2. 

0.031 FIG. 1C is an illustration for explaining the mul 
ticast handover in Cellular IP which shows a view indicating 
the operation wherein the relay router R0 multicasts packets 
to the access routers AR1, AR2. 
0.032 FIG. 1D is an illustration for explaining the mul 
ticast handover in Cellular IP which shows a view indicating 
the operation wherein the mobile terminal sends the route 
update packet to the gateway. 
0.033 FIG. 2 is an illustration for explaining the problem 
in Cellular IP. 

0034) 
0035 FIG. 4 is a block diagram of the mobile terminal. 
0.036 FIG. 5 is an illustration for explaining the basic 
operation in the embodiment of the invention. 

FIG. 3 is a block diagram of the relay router. 

0037 FIG. 6 is an illustration showing the operation 
wherein the delay is added to the appropriate path at each 
multicast point by the basic operation in the embodiment of 
the invention. 

0038 FIG. 7 is a flowchart showing the operation of the 
mobile terminal. 

0.039 FIG. 8 is an illustration for explaining the process 
ing method where the mobile terminal cannot receive the 
router advertisements Simultaneously from the neighbor 
acceSS routerS. 

0040 FIG. 9 is a flowchart showing the operation of the 
relay router. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0041 An embodiment of the present invention will be 
described below. 

0042 First, a configuration of a relay router performing 
the operation according to the present invention will be 
described. The relay router herein is a router that relays 
packets to access routers (for example, a cross over router 
(COR)) and in FIG. 5, for example, it corresponds to relay 
routers R0, R1, R2 (which will be generally called “relay 
router R”). 
0043. As shown in FIG. 3, the relay router R is com 
prised of a packet receiver 11 configured to evaluate a 
received packet and transfer it to each processing module; a 
user packet receiver 17 configured to receive a user packet 
and process the received packet according to presence or 
absence of a multicast instruction; a multicast instruction 
receiver 14 configured to receive a multicast instruction 
from a mobile terminal; a multicast delay introducer 15 
configured to multicast a packet on the basis of the received 
multicast instruction and add an appropriate delay to each 
path; a router advertisement generator 13 configured to 
generate a router advertisement (RA); a timestamp manager 
16 configured to manage timestamps, a router advertisement 
processor 12 configured to add a timestamp and an ID of the 
relay router managed in the timestamp manager 16, to the 
router advertisement generated by the router advertisement 
generator 13, and a packet transfer part 18 configured to 
transfer a packet to the next node. 
0044) The above timestamp can be made, for example, by 
adopting a CPU clock, the network time protocol (NTP), the 
GPS (Global Positioning System), a built-in clock, or the 
like. 

004.5 The basic operation in the present embodiment will 
be described below referring to FIG. 5. 
0046 (1) The relay router 0 transmits a router advertise 
ment (RA) with a packet from correspondent 30 to the lower 
routers below it. The router advertisement is given an ID of 
the transmitting node and a timestamp indicating a trans 
mission time. The ID of the node herein can be, for example, 
one such as an IP Address, an FQDN (Fully Qualified 
Domain Name), or the like. 
0047 (2) Each of the relay routers R1, R2, receiving the 
router advertisement, adds an ID of its own and a timestamp 
indicating a reception time to the received router advertise 
ment. 

0048 (3) Similar processing is carried out at access 
routerS Serving as lowest relay nodes. 
0049 (4) The mobile terminal MT, receiving such router 
advertisements, refers to entries in the router advertisements 
and calculateS propagation delays of multicast packets from 
their first identical entries. 

0050. In FIG. 5, the first matching portions are the entries 
of “R1, T2,” and the difference (diff1-1) between the times 
tamp and the time of reception of the router advertisement 
from the access router AR1 and the difference (diff1-2) 
between the timestamp and the time of reception of the 
router advertisement from the access router AR2 are calcu 
lated as propagation delays of the packets having traveled 
through the respective paths. 
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0051 (5) Synchronization of the packets arriving at the 
mobile terminal MT in the multicasting case is achieved by 
making use of the propagation delays calculated above. 
Specifically, (diff1-1+handover transaction delay) is com 
pared with diff1-2, and the following processing is carried 
out according to the result of the comparison. 
0.052 Namely, when (diff1-1+handover transaction 
delay) is smaller than diff1-2, the delay of (diff1-2-(diff1 
1+handover transaction delay)) is added to the path routed 
via the access router AR1, on the occasion of multicasting at 
the relay router R1. 
0053) On the other hand, when (diff1-1+handover trans 
action delay) is greater than diff1-2, the delay of ((diff1-1+ 
handover transaction delay)-diff1-2) is added to the path 
routed via the access router AR2, on the occasion of mul 
ticasting at the relay router R1. 
0054 (6) Then the next matching entries are those of 
“R0, T1.” However, since the relay router R1 has already 
added the delay on the basis of the router advertisements via 
the access routerS AR1, AR2, it is necessary to take the 
above-added delay into consideration when the router adver 
tisement via the access router AR3 is compared with the 
router advertisement via the access router AR1 or AR2. The 
example below will be described by letting delay0, be the 
delay added at the relay router R1 to the path Via the acceSS 
router AR2. 

0055 (7) Propagation delays diff0-2, diff0-3, through the 
paths from the relay router R0 via the respective access 
routers are calculated, in much the same manner as above, 
from the times of reception of the router advertisements and 
the timestamps in the respective router advertisements. It is 
necessary herein to add delay0, to diff0-2. In the description 
below, the case of adding delay0, to diff0-2, will be 
described by letting diff0-2 (delay0) be the new propagation 
delay. 
0056 (8) Synchronization of the packets arriving at the 
mobile terminal MT in the multicasting case is achieved by 
making use of the propagation delays calculated above. 
Specifically, diff0-2 (delay0) is compared with diff0-3, and 
the following processing is carried out according to the 
result of the comparison. 
0057 Namely, when diff0-2 (delay0) is smaller than 
diff0-3, the delay of (diff0-3-diff0-2 (delay0)) is added to the 
paths routed via the access routerS AR1, AR2, on the 
occasion of multicasting at the relay router R0. 
0058. On the other hand, when diff0-2 (delay0) is greater 
than diff0-3, the delay of (diff0-2 (delay0)-diff0-3) is added 
to the path routed via the access router AR3, on the occasion 
of multicasting at the relay router R0. 
0059. As a result of the processing as described above, 
the appropriate delay is added to the appropriate path at each 
multicast point shown in FIG. 6, whereby it becomes 
feasible to control the reception interval of packets received 
at the mobile terminal. The above method can also be 
applied to configurations with increase in the number of 
Steps in the topology shown in FIG. 6, by repeating similar 
operation. 

0060. The handover transaction delay described above is 
preferably a maximum of measured handover transaction 
delays in View of prevention of packet loss. 
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0061 The operation of the relay router R of FIG. 3 will 
be described below according to the flowchart shown in 
FIG 9. 

0062 First, the packet receiver 11 receives a packet, or if 
the relay router R is the relay router 0, the router advertise 
ment generator 13 generates a router advertisement (S11). 
Then the packet receiver 11 or the router advertisement 
generator 13 determines whether the type of the packet 
received or generated is a router advertisement (S12). 
0063. When the type of the packet is a router advertise 
ment herein, the router advertisement processor 12 adds a 
timestamp managed by the timestamp manager 16, and an 
ID of its own to the router advertisement packet and sends 
the added packet to the packet transfer part 18 (S13). 
0064. On the other hand, when the type of the packet is 
not a router advertisement but a user packet, the user packet 
receiver 17 determines whether there is a multicast instruc 
tion (S14). When it is determined herein that there is a 
multicast instruction, the packet is Sent to the multicast delay 
introducer 15, and the multicast delay introducer 15 gives a 
transmission delay to the packet to be transferred into each 
path, based on the transmission delay calculated by the 
mobile terminal, and then sends the packet to the packet 
transfer part 18 (S15). 
0065. When it is determined in S14 that there is no 
multicast instruction (in the case of a negative judgment in 
S14), the packet is sent to the packet transfer part 18 as it is. 
0066. In S16 the packet transfer part 18 then transfers the 
received packet immediately to the next address. 
0067 Incidentally, the mobile terminal might redun 
dantly receive an already-received packet in the above case. 
Then this problem is solved by adding a new function to the 
terminal Side as described below, So as to Solve the problem 
of the drop of TCP throughput occurring on the occasion of 
duplicate reception of packets. 

0068. Namely, in the present embodiment, the mobile 
terminal is provided with a function of first letting the 
mobile terminal compare a received packet with thresholds 
at the time of reception, thereby enabling elimination of a 
duplicate packet. The thresholds are those for the timestamp 
and Sequence number. 
0069 First, a configuration of the mobile terminal MT 
will be described referring to FIG. 4. As shown in FIG. 4, 
the mobile terminal MT is comprised of a packet receiver 21 
configured to receive a packet from the transmitter Side; a 
determination condition manager 27 configured to manage 
the threshold about the timestamp (timestamp threshold) and 
the threshold about the sequence number (Sequence number 
threshold) as criteria of determination described later and 
update the timestamp threshold and Sequence number 
threshold under a predetermined condition described later, a 
received packet determiner 24 configured to compare the 
timestamp and Sequence number of the received packet with 
the thresholds managed by the determination condition 
manager 27; an acknowledgment reply Sender 25 configured 
to Send an ACK to the transmitter Side when the timestamp 
of the received packet is not less than the threshold and when 
the Sequence number is greater than the threshold; a packet 
discarding part 26 configured to discard the received packet 
when the timestamp of the received packet is Smaller than 



US 2003/0223422 A1 

the threshold and when the Sequence number is not more 
than the threshold; a router advertisement processor 22 
configured to calculate the delay at each multicasting router 
on the basis of handover transaction delays continuously 
measured and router advertisements received from respec 
tive access routers, a multicast instruction generator 23 
configured to generate a multicast instruction to each mul 
ticasting router; and a packet transfer part 28 configured to 
transfer a packet to each target node. 
0070 The router advertisement processor 22, multicast 
instruction generator 23, and packet transfer part 28 among 
the above components are intended to generate the multicast 
instruction, and the Setup of these components can also be 
added to the access router Side facing the mobile terminal 
MT, without having to be limited to the mobile terminal MT. 
0071. The operation of the mobile terminal MT of FIG. 
4 will be described below according to the flowchart shown 
in FIG 7. 

0.072 First, the packet receiver 21 receives a packet from 
the transmitter Side (S1), and the received packet determiner 
24 determines whether the timestamp of the received packet 
is not less than (i.e., greater than or equal to) the timestamp 
threshold managed by the determination condition manager 
27 (S2). 
0.073 When the timestamp of the received packet is not 
less than the threshold, the determination condition manager 
27 updates the timestamp threshold to the timestamp of the 
received packet (S3), and the received packet determiner 24 
determines whether the Sequence number of the received 
packet is greater than the Sequence number threshold man 
aged by the determination condition manager 27 (S4). 
0.074. When the sequence number of the received packet 
is greater than the threshold, the determination condition 
manager 27 updates the Sequence number threshold to the 
sequence number of an ACK to the sender (S5); then the 
received packet is processed according to the normal opera 
tion of TCP and the acknowledgment reply sender 25 sends 
the ACK to the transmitter side (S6). 
0075). On the other hand, in either of the case where the 
timestamp of the received packet is Smaller than the thresh 
old in S2 and the case where the Sequence number of the 
received packet is not more than (equal to or Smaller than) 
the threshold in S4, the received packet is a duplicate packet 
and the packet discarding part 26 thus discards the received 
packet (S7). 
0.076. In addition to the above operation, the mobile 
terminal MT performs the following operation for the pur 
pose of generating the multicast instruction. Namely, the 
router advertisement processor 22 calculates the delay at 
each multicasting router on the basis of the handover trans 
action delays continuously measured and the router adver 
tisements received from the respective access routers, and 
the multicast instruction generator 23 generates the multicast 
instruction to each multicasting router. The packet transfer 
part 28 transferS the packet to each target rode. 
0.077 For executing the above processing, the mobile 
terminal MT needs to receive router advertisements from a 
plurality of neighbor access routers, and there are thus 
restrictions on the wireless Scheme thereof. However, a 
frequency for Signals is prepared in the presently existing 
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mobile communications, and the mobile terminal can 
receive broadcast information from a plurality of acceSS 
routers by making use of this frequency. 

0078 Incidentally, if the mobile terminal MT cannot 
receive router advertisements simultaneously from the 
neighbor access routers, the processing method according to 
the present invention can be implemented by letting an 
access router presently under communication forward the 
router advertisement from each neighbor access router as a 
proxy router advertisement (Proxy RA (PRA)). 
007.9 The processing method will be described below 
with FIG. 8 in the case where the mobile terminal MT 
cannot receive the router advertisements simultaneously 
from the neighbor access routers. 

0080 (1) The relay router 0 transmits a router advertise 
ment (RA) with a packet from correspondent 30 to the lower 
routers below it. The router advertisement is given an ID of 
the transmitting node and a timestamp indicating the trans 
mission time. The ID of the node herein can be, for example, 
one such as an IP Address, an FQDN (Fully Qualified 
Domain Name), or the like. 
0081) (2) Each of the relay routers R1, R2, receiving the 
router advertisement, adds an ID of its own and a timestamp 
indicating a reception time to the received router advertise 
ment. 

0082 (3) Similar processing is also carried out at the 
access routers as the lowest relay nodes to transfer the router 
advertisement to access routers under control and also 
multicast the router advertisement to neighbor access rout 
CS. 

0083 (4) The access router AR2 communicable with the 
mobile terminal MT forwards the router advertisements 
from the neighbor access routerS AR1, AR3, as proxy router 
advertisements to the mobile terminal MT. On that occasion 
the access router adds an RTT (Round Trip Time) between 
the access router AR1 or AR3 having transmitted the router 
advertisement as the origin of the proxy advertisement and 
the access router AR2 having transmitted the proxy adver 
tisement. The RTT added herein is determined, for example, 
as follows. 

0084. When the timestamps are synchronized between 
the access routers, the difference between the timestamp 
attached upon multicasting of the router advertisement and 
the reception time is defined as the RTT. 
0085. When the timestamps are not synchronized 
between the access routers, the value of RTT is measured by 
making use of messages (e.g., PING of ICMP) or the like 
Sent for periodically measuring the RTT between the access 
routers, and the measured value is added. 

0086. In FIG. 8, the first matching portions are the entries 
of “R1, T2,” and the value (diff1-1) resulting from Subtrac 
tion of the RTT between the access router AR1 and the 
access router AR2 from the difference between the times 
tamp of the matching entries and the reception time of the 
router advertisement from the access router AR1, and the 
difference (diff1-2) between the above timestamp and the 
reception time of the router advertisement from the access 
router AR2, are the propagation delays of the packets having 
traveled through the respective paths. 
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0.087 Each of the proxy advertisement for the access 
router AR1 and the proxy advertisement for the access router 
AR3, transmitted by the access router AR2, includes a time 
for being forwarded from each of the access routers AR1, 
AR3 to the access router AR2. For this reason, as to the 
proxy advertisement (PRA), it is necessary to take account 
of the RTT separately measured at the time of exchange of 
a proxy advertisement request and the proxy advertisement. 
0088 (5) The packets arriving at the mobile terminal MT 
in the multicasting case are Synchronized by making use of 
the propagation delay calculated above. Specifically, (diff1 
1+handover transaction delay) is compared with diff1-2, and 
the following processing is carried out according to the 
result of the comparison. 
0089 Namely, when (diff1-1+handover transaction 
delay) is smaller than diff1-2, the delay of (diff1-2-(diff1 
1+handover transaction delay)) is added to the path routed 
via the access router AR1, on the occasion of multicasting at 
the relay router R1. 
0090. On the other hand, when (diff1-1+handover trans 
action delay) is greater than diff1-2, the delay of ((diff1-1+ 
handover transaction delay)-diff1-2) is added to the path 
routed via the access router AR2, on the occasion of mul 
ticasting at the relay router R1. 
0.091 (6) Then the next matching entries are those of 
“R0, T1.” However, since the delay has already been added 
at the relay router R1 on the basis of the router advertise 
ments via the access routerS AR1, AR2, it is necessary to 
give consideration to the delay added above, when the router 
advertisement via the access router AR3 is compared with 
the router advertisement via the access router AR1 or AR2. 
The example below will be described by letting delay0, be 
the delay added at the relay router R1 to the path via the 
access router AR2. 

0092 (7) The propagation delays diff0-2, diff0-3, through 
the paths from the relay router R0 via the respective access 
routers are calculated, in much the same manner as above, 
from the reception times of the router advertisements and the 
timestamps in the respective router advertisements. It is 
noted herein that delay0 should be added to diff0-2. In the 
description hereinafter, the case of addition of delay0, to 
diff0-2, will be described by defining diff0-2 (delay0) as a 
new propagation delay. 
0093 (8) The packets arriving at the mobile terminal MT 
in the multicasting case are Synchronized by making use of 
the propagation delay calculated above. Specifically, diff0-2 
(delay0) is compared with diff0-3, and the following pro 
cessing is carried out according to the result of the com 
parison. 

0094) Namely, when diff0-2 (delay0) is smaller than 
diff0-3, the delay of (diff0-3-diff0-2 (delay0)) is added to the 
paths routed via the access routerS AR1, AR2, on the 
occasion of multicasting at the relay router R0. 
0.095 On the other hand, when diff0-2 (delay0) is greater 
than diff0-3, the delay of (diff0-2 (delay0)-diff0-3) is added 
to the path routed via the access router AR3, on the occasion 
of multicasting at the relay router R0. 
0096. The execution of the processing method described 
above can solve the problem of the drop of TCP throughput 
due to packet loSS during handover. 
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0097. Since the present method can also be implemented 
without any change in servers typified by existing WWWs, 
it provides the Significant advantage of easy introduction. 
0098. In FIGS. 5 and 8 used in the above description, in 
order to describe the embodiments of multicasting from the 
relay router R0 to the lower layer, only “R0, T1 is described 
in the packet from the relay router R0 to the relay router R1. 
However, the packet in practice can also be provided with 
data “CN, TO” added by the correspondent 30 and, if the 
communication route from the correspondent 30 is 
branched, reference is also made to the data “CN, TO” added 
by the correspondent 30. 
0099 AS described above, the present invention made it 
feasible to prevent the occurrence of packet loSS and to 
prevent the drop of TCP throughput due to duplication of 
packets, by carrying out the control based on the present 
handover method on the TCP side of the mobile terminal. 

What is claimed is: 
1. A packet transmission method adapted for a commu 

nication System comprising a mobile terminal, a plurality of 
access routers, each access router forming a cell and con 
figured to perform radio communication with a mobile 
terminal located in the cell, and a plurality of relay routers 
connected to a hierarchical Structure above the access rout 
ers, Said packet transmission method being applied when a 
packet from a packet Source is transmitted from an upper 
layer in the communication System toward a target mobile 
terminal, said packet transmission method comprising: 

letting the relay router engaged in relaying the packet 
from the packet Source, multicast a router advertise 
ment with Said packet to all access routers forming cells 
into which said target mobile terminal may move; 

letting Said mobile terminal receive multicast router 
advertisements from a plurality of neighbor access 
routers, 

letting Said mobile terminal calculate a difference between 
reception times of packets from respective access rout 
ers, based on information about reception from the 
plurality of access routers, and Specify a relay router 
that should perform multicasting, 

letting Said mobile terminal transmit to Said Specified 
relay router a multicast message containing delay infor 
mation of a delay to be added to each path in the 
multicasting by the relay router; and 

letting Said relay router receive the multicast message 
from the mobile terminal and add the delay to each path 
in the multicasting on the basis of the delay informa 
tion. 

2. The packet transmission method according to claim 1, 
wherein Said mobile terminal performs Such control as to 
avoid Sending a response of an acknowledgment of a 
received packet, under a predetermined condition, on the 
basis of timestamp information of the received packet and a 
Sequence number of the packet. 

3. The packet transmission method according to claim 1, 
wherein when Said mobile terminal cannot receive the router 
advertisements Simultaneously from a plurality of neighbor 
access routers, an access router as a Sender of a router 
advertisement that Said mobile terminal can receive, trans 
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mits a router advertisement that Said mobile terminal cannot 
receive, as a proxy router advertisement to the mobile 
terminal. 

4. A communication System comprising a mobile termi 
nal, a plurality of access routers, each access router forming 
a cell and configured to perform radio communication with 
a mobile terminal located in the cell, and a plurality of relay 
routers connected to a hierarchical Structure above the 
acceSS rOuterS, 

wherein each of the relay routers comprises: 
multicasting means for, during relaying performed 
when a packet from a packet Source is transmitted 
from an upper layer in the communication System 
toward a target mobile terminal, multicasting a 
router advertisement with Said packet to all access 
routers forming cells into which the target mobile 
terminal may move; and 

delay adding means for receiving a multicast message 
containing delay information of a delay that the relay 
router should add to each path in multicasting, from 
the mobile terminal and adding the delay to each 
path in the multicasting on the basis of the delay 
information; and 

wherein the mobile terminal comprises: 
receiving means for receiving the multicast router 

advertisements from a plurality of neighbor access 
routers, 
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calculating-specifying means for calculating a differ 
ence between reception times of packets from 
respective access routers, based on information 
about reception from the plurality of access routers, 
and Specifying a relay router that should perform 
multicasting, and 

message transmitting means for transmitting a multi 
cast message containing delay information of a delay 
that the relay router should add to each path in the 
multicasting, to the Specified relay router. 

5. The communication System according to claim 4, 
wherein the mobile terminal further comprises response 
avoidance controlling means for performing Such control as 
to avoid Sending a response of an acknowledgment of a 
received packet, under a predetermined condition, on the 
basis of timestamp information of the received packet and a 
Sequence number of the packet. 

6. The communication System according to claim 4, 
wherein each of the access routers comprises proxy adver 
tisement controlling means for, when the mobile terminal 
cannot receive the router advertisements simultaneously 
from a plurality of neighbor access routers including the 
access router itself thereof but can receive a router adver 
tisement from the access router itself, performing Such 
control as to transmit a router advertisement that the mobile 
terminal cannot receive, as a proxy router advertisement to 
the mobile terminal. 


